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GD3 is the ganglioside most abundantly expressed on the cell surface of human melanoma, 
and treatment -o-'ith a monoclonal antibody recognizing C.D3 has induced maior responses in a 
small proportion of patients. However, ivt have Peer, unable to induce production ot GD3 
antibodies in melanoma patients by active immunization with GD3-expressing melanoma cells 
or purified GD3. In this report we describe attempts to increase the immunoiienioity of GD3 
in the mouse by chemical modification. GD3 lactone I and II. GD3 amide and GD3 
gangliosidol were synthesized, and the humoral immune response to these derivatives was 
compared with the response to unmodified GU3. The GD3 [derivatives were more 
immunogenic than GD3. A I a low dose all conveners induced an lgM response, with antibodv 
liters higher than those elicited by low-dose GD3. The gangliosidol and amide derivatives also 
induced an IgG response. IgM antibodies induced bv immunization with GD3 lactone I crois- 
reacted with purified GD3 and GD3-e»pressins melanoma cells. Titers of GD3 cross-reactive 
antibodies were slightly higher than alter immunization with GD3 itself at the same low dose. 
IfM and IgG antibodies induced by the other congeners did not cross-react with GD3. 



Introduction 

In studies of the humoral immune response to ganglioside vaccines in 
patients with malignant melanoma, it has been shown that GM2 is con- 
sistently immunogenic, that GD2 elicits an antibody response onlv occa- 
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.Abbreviations: The designations GM3. GM2. CM1. GD3. GD3 .md GDlb arc u>ed in 
accordance with the abbreviated ganglioside nomenclature proposed by Svenni-khoi m i33). 
EL1SA = enzyme-linked immunosorbent assay: HPTLC « high-performance thin-laver 
chromatography; ITl.C - immune thin-layer chromatography; I A - immune adherence: P.A 
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Material and Methods 
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Thes«r assays measure antibody mediated r.< m m in 
cells. Assav- wore performed as described \2Z. 



Results 



Preparation and characteristics of GDI ketones. .imide jnJ pngliosidol 

Two major products were obtained by irc.imicm of GD3 with glacial 
acetic acid. Their TLC-pauerns (Fig. 2) corresponded with those of GD3- 
lactone 1 and GD3-lactone 11 as described (in. Alter mild base treatment, 
both derivatives co-migrated with the parent GD3. Alter separation on 
DEAE-Sephadex A-25 according to charge, lactone 1 was eluted, in the 
monosialo fraction, whereas lactone II was found in the neutral -fraction 
suggesting that one carbosyl k n ..; in lactone 1 and both carboxyl groups in 
lactone ll'were involved in the formation of lactone rings. While no other 
bands were detected bv TLC analysis in the lactone II preparation, the 
lactone 1 preparation contained 5-10"., GD3. Attempts to remove GDo 
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completely Irom this preparation tailed, because some GD3 w .ns Awv* 
lormed again during the puritie.nion stops as a consequence ol the labile 
nature of the GD3 lactone 1 structure. After aminnlvsis of GD^ lactone !! 
two mnjor products migrating as double bands were jdetected by TLC one 
migrating sl.ghtly taster than GM3, .he other m.grating between GM3 and 
The faster migrating product w as converted to the slower mit-ratinc 
product by m.ld base treatment, and only the latter was used in our studies 
In contrast to lactones, the GD3 amide showed umform motility in two- 
d.mens.onal TLC analysis, after being kept in a chamber saturated wi l h 
ammoma between the two runs. The GD3 amide preparation was free cf 
a " d ° ,her P^ducts as determined by TLC. The product obtained 
alter reduction of GD3 lactone II appeared as a double band in TLC 
m.grat.ng sl.ghtly faster than GM3. This gangliosidolpreparation contained 
traces ot a product migraung with GD3 lactone II and a double band 
migrating with GM2 (7%). When s.amed with resorcinol reagent onlv the 
ma,or double band developed the tvpical orange-yellow.sh color that has 
been described for gangliosidols (22). 

Rrsan-ity oi GD3 lactones, Jmide jnd esngiiosidol nit/, anti-GD} mAbs 
Immune reactivity of these GD3 derivatives with murine mAbs RN O 
and K9 (recognizing GD3) was de.ermmed by ITLC. Results are shown ,n 
Table 1. None of the GD3 derivat.ves reacted with l anti-GD3 antibodies 
when incubated at 4'C overnight. However, both lactones showed some 
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GM3 1 . : - - - - 

GM2 - - - - - - 

GMl - - - - - - - 

GD3 -i - II - *• - I - 

GD2 - - - - - 

GDlb - - - - - - - ' - ' 

GD3-LI - II - - - - - I - 

GD3-LII - - - - I - - - 

GD3-A - - - - - - 15 -15 ' i: 

GD3-OL - - I - - ■ 4 - i; r 

' Each vaccins contained 10 nc cansliosidc. 

•' GD3 and GD3-L ! tvck u-s'tf d in groups ..I :: nu.r. CD.'-l II. GD3-A and GOJ-OL in 
groups of 15 m.cr. 

reaciivitv when incubated with GD3 antibodies at room temperature 
overnight. It can not be excluded, however, that this reactivity was due to 
degradation of GD3 lactone to GD3. which we have shown to occur alter 
overnight incubation at room temperature, hut not at •» °C (23). 

Immunogenicity of GD3 2nd GD3 derivatives in the mouse 

The antibodv response of mice after immunization with GD3 or GD3 
derivatives was analyzed bv ELISA (Table 2), dot blot immune stain 
(Table 3) and by ITLC (Fig. 3). 

GD3: Three of 2C mice immunized with 10 us; GD3 responded with 
production of low titer IgM antibodies" against GD3 as determined by 
ELISA and dot blot immune stain, but not ITLC. Immunization with 0.1 - 
ug GD3 or 1 ng GD3 did not elicit detectable antibody production, while 
mice immunized with 30 ug GD3 (a dose previously shown to he 
immunogenic (24)) responded with production of medium titer IgM anti- 
bodies against GD3 as determined by ELISA and dot blot immune stains. 
No IgG antibodies were detected. 

GD3 lactone 1: Seventeen of 20 mice immunized with 10 |tg GD3 lactone 
1 produced IgM antibodies to GD3 lactone 1 as detected by ELISA, and 
eleven of the 20 sera were also reactive bv doc blot immune stain. Reactivity 
of these sera with calf brain GD3 was as follows: ELISA 17/20, dot Wot 
immune stain 11/20. Reactivity with human melanoma-derived GD3 was 
also detected by ITLC. The sera showed no reactivity with GD3 lactone II 
or other gangliosidcs. No lt;G antibodies were detected. 




CDJ /ji rone II: After immunization with 10 u$ GD3 Lactone II. iiyx of 
15 mice developed, low titer IgM antibodies against the immunogen and 
GD3 by ELISA. None of these sera showed reactivity with GD3 lactone II 
or GD3 by dot blot immune stain or ITLC. These sera showed no reactivity 
with GD3 lactone 1 or other gangliosides. Again, no IgG responses were 
detected. 

GDJ amide: Of the GD3 congeners tested, GD3 amide elicited the 
strongest antibody response. All 15 mice immunized with 10 ng GD3 amide 
responded with production of high-titer IgM and IgG antibodies reactive 
with the immunogen as determined by ELISA and dot blot immune stain. 
Nine o» the IgM sera also reacted with GD3-by ELISA. but onlv one was 
reactive with GD3 when tested by dot blot immune stain. ITLC revealed 
only reactivity with the immunogen. IgM antibodies, but not IgG anti- 
bodies, showed reactivity with GD3 gangliosidol but not with other 
gangliosides as determined by dot blot immune « y\r 

GD3 gangliosidol: Alter immunization with iJ ug GD3 gans>liosidol 
IgM antibodies to GD3 gangliosidol were detected by ELISA in 14/15 mice 
and by dot blot immune stain in 12/15 mice. li;G antibodies in 12/15 and 
7/15 mice, respectively. Two of the IgM sera also reacted with GD3 in dot 
blot immune stain tests. Some sera also showed reactivity with GD3 .amide 
by dot blot immune stain and ITLC. 
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increased. Several rcporis indicate ih.n chemical modification mav augment 
the immunogenicity ol' g.inglinsidc molecules. G kiii;tu .sido derivatives that 
have been previously reported to induce nntibodj production more rcadilv 
than the parent molecules include GNU methylester.GM 1 gangliosidol and 
GMl-N-methybmidc (26, 27), GM3 lactone (1-1. 2S) and O-.icctvlation 
products of GD3 (10). 

We report here that modifications of GD3 resulting in enhanced 
immunogenicity include the lacto:-;. .imide and gangliosidol congenercs 
The ch anges in the molecular structure ol GD3 involve loss of char°e and 
altered configuration, hydrophobicity, rigidity and stability. Which of these 
changes are involved in enhancing immunogenicity is, not known. One 
feature of structif-'lly modified gangliosides is their reduced susceptibility 
to enzymatic action (26, 29, 30). Higher immunogenicity might result from 
greater resistance to metabolic degradation, making a lower dose of a GD3 
derivative equivalent to an higher dose of GD3 1 . Alternatively, increased 
immunogenicity might be the consequence of presenting molecular confor- 
mations not known to be expressed in mammalian tissue. We have found 
that the differential expression of individual gangliosides in normal tissues 
of mice and humans is inversely proportional to their ability to elicit 
antibody production in these two species (24). suggesting that normal tissue 
expression rather than chemical structure determines ganglioside im- 
munogenicity. 

We were initially impressed bv the high-titer antibodies against GDI 
detected by ELISA after immunization with some GR3 derivatives 
(Table 2). However, further testing by dot blot immune stain on nitrocellu- 
lose or immune thin-layer chromatography on silica gel plates showed no 
reactivity with GD3. In our hands, results of dot blot immune stains on 
nitrocellulose and immune thin-layer chromatography on silica gel plates 
correlated much better with cell surface reactivity than results of ELISA. 
< - )t b ers _ na . ve _ a ' so reported that ganglioside antisera show reactivity in 
ELISA on plastic surfaces but not in other types of tests (3 1 ). It appears that 
epitopes expressed by purified ganglrosides in ELISA wells are not neces- 
sarily the same epitopes expressed on other artificial matrices or on the cell 
surface. 

In our studies, antisera raised with GD3 amide or GD3 gangliosidol were 
highly specific for the respective immunogen and showed almost no 
reactivity with GD3, while antibodies induced by GD3 lactone 1 (but not 
lactone II) were equally reactive with GD3 lactone 1 and with unmodified 
GD3. Furthermore, these antibodies were reactive with human melanoma 
cells expressing GD3 on their cell surface, but not reactive with melanoma 
cells not expressing GD3. Only the GD3 lactone 1 configuration appeared 
to be close enough to that of GD3 to induce a crossreactive immune 
response. Similar observations have been made with GM3. Yi; et al. have 
suggested that the increased hydrophobicitv and the more rigid structure of 
GM3 lactone as compared with native GNU might favor immunological 
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unmodified GM3. . . 

Our findings surest tlut chemical modifications ol melanoma ^in- 
..l.osides mav increase their .mmuno^cnicitv and that some chemically 
Modified melanoma canolios.dcs can be used to construct ,mmuno R cn,c 
vaccines for immunization of patients with melanoma. We need to keep ,n 
mind however, that the human immune system may not rcco S m/.e the 
same'epitopes that are recognized in the mouse. Studies .nvesu 8 at.ng the 
im mune response of patients with melanoma to .mmun.zat.on with GD3 
derivatives are now underway. 
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